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The HOPG ZYA plates were purchased from Optigraph. HOPG support was cleaved prior to use.
Synthesis of Benzenediazonium Tetrafluoroborate (BDT)
The synthesis of BDT followed the same procedure than that of 4-NDT synthesis. The difference consisted in using aniline (2.3 g) as starting material. Color changes were also affected by the change of starting material. The reagent concentrations were unchanged compared to the 4-NDT synthesis. Upon dissolution of the aniline, the solution turned white. The resulting product corresponds to a white paste (2.79 g). The reaction was quantitative. 1 
Physical Characterization
High resolution scanning electron microscopy images were taken on a ZEISS MERLIN. The treated HOPG plates were directly used for imaging. HRTEM images were taken on a FEI Tecnai Osiris equipped with an 11 megapixel Gatan Orius CCD camera. TEM images were taken on a Philips FEI CM12 with a LaB 6 source operated at 120 kV accelerating voltage. The samples were prepared by scrapping off HOPG plates using a scalpel. The extracted samples were then dispersed in ethanol and sonicated. The slurries were mixed with a micropipette by several suction-release cycles to ensure representative and reproducible TEM samples. A few drops of the mixed suspensions were deposited onto the carbon-coated grids.
To image the cross-section of HOPG ZYA samples, preparation of the sample through Focused ion beam was necessary. A TEM lamella was prepared by focused ion beam (FIB) milling using a Zeiss NVision40, applying ion beam voltages of 30 kV down to 5 kV for final thinning. During milling, the sample surface was protected by a layer of amorphous carbon made first by electron beam induced deposition and then by ion beam induced deposition.
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Transmission electron microscopy (TEM) and scanning TEM (STEM) analyses of HOPG ZYA samples' cross sections were performed using an FEI Talos F200S, operated at 80 kV high tension in order to reduce the possibility of electron beam induced damage during imaging.
Energy dispersive X-ray spectroscopy (EDXS) hyperspectral mapping was performed in STEM mode using a ~0.75 nA electron beam, with data recorded using Bruker Esprit software.
Atomic force microscopy was performed in tapping mode on a Veeco Multimode Nanoscope IIIa SPM controller (Digital Instruments, Santa Barbara, CA) using NSC14/no Al MikroMasch (Tallinn, Estonia) cantilevers. Micropatterned initiator-coated substrates were prepared using a protocol previously reported in the literature. 2 The prepared patterns on HOPG were used to determine the height profile of polymer-coated HOPG.
Reduction of the Nitro Functional Groups to Amino Moieties
Electrochemical reduction was performed in an electrolyte composed of 1 M HCl and 1 M KCl. A 2 L stock solution of the electrolyte was prepared prior to reduction. The HOPG plates, bearing nitro groups after electrografting, were immersed in the electrolyte and were employed as working electrodes. Three consecutive cyclic voltammetry scans were performed to ensure large conversion of the nitro groups. The starting and ending potential of the cyclic scan was of 0.8 V vs. RHE, the vertex potential was of -0.4 V vs. RHE. The scan rate applied was of 20 mV s -1 . After reduction, the HOPG sample was carefully washed with water and dried with nitrogen gas. The counter and reference electrode were both washed with water, acetone and dried under nitrogen between each reduction. The electrolyte was renewed between each HOPG samples' reduction.
Fabrication of a Monolayer of Trimethylammonium onto HOPG

S-5
For comparison purposes with the polymer composites on HOPG ZYH electrodes, monolayer of trimethylammonium were fabricated on HOPG electrodes; which were previously modified with 4-NDT followed by reduction. The electrode tips were immersed into a 2 mL solution of DMF including 50 μL of methyl iodide (114 mg, 0.8 mmol) and 5 μL of 2,6-lutidine (4.6 mg, 0.04 mmol) for 16 h at room temperature. Thereafter, the electrodes were washed with deionized water and dried under compressed air.
Attachment of the ATRP Initiator on HOPG Plates
The prepared HOPG plates were then placed within a PEEK holder into a glass reactor. Once the reactor was sealed, it was evacuated and backfilled with nitrogen 3 times. Dry toluene (20 mL) was added to the reactor. Freshly distilled trimethylamine (0.4 mL) was then added and the mixture is well stirred. The system was then cooled down to 0 °C in ice bath. Afterwards, BiBB, the ATRP initiator, is added dropwise (0.4 mL) to the solution. The reaction was kept at 0 °C for 1 h, then the ice bath was removed and the reaction is kept at room temperature for 16 hours. The HOPG plates were then washed extensively with toluene, dichloromethane for 5 minutes and dried with nitrogen.
Attachment of the ATRP Initiator on Si Substrates
Silicon wafers (0.8x1.0 cm) were sonicated 5 minutes in acetone, 5 minutes in ethanol and 5 minutes in distilled water. The wafers were dried using compressed air flow. The substrates were then exposed to microwave-induced oxygen plasma (200 W, Diner electronic GmbH, Germany) for 15 minutes. The wafers were then immersed for 16 h at room temperature under inert atmosphere in a 2 mM solution of 6-(chlorodimethylsilyl)hexyl 2-bromo-2-meythlyproponoate S-6 in dry toluene. The prepared wafers were rinsed with dichloromethane and methanol, and dried under nitrogen flow.
Insulation of HOPG ZYA Plates Prior to Anion Exchange
The HOPG ZYA samples were insulated so that only one face of the HOPG was exposed to the electrolyte (cf. Fig. S7 ). To ensure conductivity of the isolated material, Ag paste was used to attach a Cu wire at the back of the HOPG support. Once connected, the assembly was isolated so that the HOPG face opposite to the silver paste is exposed. After insulation, the surface area exposed to the electrolyte was determined by means of optical photography (prior to HER). The pixel area of the exposed surface was then determined. By comparison with a sample, whose pixel and geometric area is known, the exact geometric area of the sample was calculated. In addition, the edge sites of HOPG were isolated from deposition of molybdenum sulphide.
Oxidation to Obtain the MoS 3 Precatalyst
MoS 4 -incorporated polymers underwent electrochemical oxidation to form the MoS 3 precatalyst prior to the HER. The electrolyte solution contained 0.1 M of NaClO 4 . The potentiostatic oxidation was performed at a potential of 0.3 V vs. RHE for several minutes. In all cases, the oxidation was complete before 10 minutes of reaction. The oxidation was stopped when the current change between two consecutive minutes was in the order sub-micro-ampere.
The oxidized samples were washed with water and dried under nitrogen. Both the counter and reference electrodes were washed with water and acetone and dried using nitrogen gas. In regard of the small amount of currents generated during oxidation, the electrolyte solution was not renewed between each sample.
Evaluation of the HER Activity of the MoSx-Polymer Brush Composite
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The prepared samples were subjected to electrolysis in 1 M H 2 SO 4 . 10 consecutive LSV scans were performed using a potential window of 0.1 V to -0.4 V vs. RHE. These measurements prior to the catalytic activity recordings were performed without iR drop correction. The preliminary scans ensured the effective transformation of the MoS 3 pre-catalyst to the catalytic active species, i.e., MoS x . 3 The 11 th LSV was thus used to evaluate the catalytic performance of the MoS x -polymer brush composite for HER. The potential window of this LSV scan was similar, that is the potential ranged from 0.1 V to -0.4 V vs. RHE. However, in this instance, the iR drop was corrected using the current interrupt method. After electrolysis, the samples were washed with water, dried with nitrogen gas and stored under inert atmosphere. The auxiliary and reference electrodes were both rinsed with water and acetone and dried using nitrogen in between each sample measurement. The electrolyte was renewed for each sample.
Evaluation of the TOF of the MoSx-Polymer Composite and References
This Work
Based on the following electrochemical oxidation reaction (corresponding to the step 7 in Fig. 1), 3 it was possible to determine the electrochemical active loading of catalyst using the following relation MoS 4 2-→ MoS 3 + 1/8 S 8 + 2e -(Eq. S1)
By assuming that all catalyst molecules included in the loading act as active sites for HER, the TOF was determined by:
Upon simplification we obtain: 
TOF of electrodeposited MoS 2+x
3 It was based on the given catalytic loading (15 g cm -2 ) and the calculated current density at 200 and 250 mV of overpotential. The latter current density was determined using the Tafel slope, and exchange current density given in the report. Once the values were obtained, the relation Eq. S4 was applied.
TOF of [Mo 3 S 13 ] 2clusters 4
The TOF values at both overpotential are given within the maintext. Detailed calculations of the TOF are given in the corresponding literature and are similar to the method employed for this work. Based on the reported loading (285 g cm -2 ), the active site value was calculated using the molecular mass of MoS 2 . The current density at 200 mV and 250 mV of overpotential were calculated using an extrapolation of the catalytic activity reported. Using these parameters, Eq.
S4 was applied. 2 7 Based on the reported loading (60 g cm -2 ), the active site value was calculated using the molecular mass of MoS 2 . The current density at 200 mV overpotential is given in the corresponding report. The current density at 250 mV was calculated using an extrapolation of the catalytic activity reported. Using these parameters, Eq. S4 was applied.
TOF of DG MoS
TOF of MoS x -polypyrrole composite 8
It was based on the reported value of active site (5 10 -8 molMoS 2 /cm 2 ) and on the current densities at 200 and 250 mV overpotential. Using these parameters, Eq. S4 was applied.
Evaluation of the mass activity (j m ) and specific activity (j s )
Mass activities were obtained by a simple operation. The current density was divided by the catalytic loading.
Specific activities were determined by normalizing the current generated with the electrochemical surface area (ESCA). The ESCA was determined by the ratio of the double layer S-10 capacitance with the specific capacity. A general specific capacity value of 0.035 mF cm -2 was used for acidic electrolyte. 9 If not reported, the double layer capacitance was determined with the charge passed during oxidation of the molybdenum sulfide species. Given the charge and the oxidation potential, the capacitance was determined as the ratio of the coulombic charge over the oxidation potential. several stages of the sample preparation. 10, 11 The signal at 400 eV after the electrografting might be attributed to azo groups formed during electrografting. Alternatively partial reduction of nitro groups to amines by the X-ray in XPS measurements might give rise to this signal. 11 The presence of the nitro group after electrochemical reduction underlines that the conversion was not complete. Interestingly, signals corresponding to partial reduction of the nitro group into azo (399.9 eV), hydroxylamine (401.8 eV, Fig. S7b , e, h magenta curve) and nitroso (402.4 eV, Fig. S7b , e, h cyan curve) moieties were observed. [11] [12] [13] Small features at 403.8 eV and 405.1 eV ( Fig. S7b , e, h green and dark green curve) were attributed to the diazonium moiety. 14, 15 The feature at 407 eV has been previously observed but the origin of this signal is yet unexplained. 11, 13 After polymerization, traces signals from the previous reaction steps were not observed. The sharp feature at 399 eV (Fig. S7l , blue curve "D") is attributed to the amine moiety. 16 The 401 eV was attributed to the amine group under hydrogen binding environment ( Fig. S7l, turquoise curve) . 17 Adventitious traces of water after polymerization growth might S-11 explain this observation. The signal at 402 eV has been previously observed and corresponds to the partial protonation of the PDMAEMA amine ( Fig. S7l , light cyan curve). 16, 17 Due to significant overlap between the Mo 3p and N 1s signals, deconvolution of the N 1s features after catalyst incorporation was not possible.
Discussion of XPS signals
High resolution C 1s XPS spectra are shown in Fig. S7c, f (Fig. S7c , f, i, dark grey "0" curve). [18] [19] [20] The most important signal, 284.9 eV, corresponded to the C=C bond ( Fig. S7c , f, i, orange"1" curve). 21 The feature at ca. 286 eV was attributed to C-N species (Fig. S7c , f grey "2" curve). 21, 22 Upon initiator attachment a signal feature at 286 eV increased and was attributed to the C-Br bond. 23 The trace feature at about 289 eV was correlated with carbonate moieties and might arise from air oxidation of the samples. 22 S7m, p and s, pink, curve "8", "9" and "10", respectively). 16, 24 The tertiary amine and its quaternized counterpart were observed at a binding energy of 285.9 eV and 286.3 eV, respectively. 16, 24 The broad feature at 533 eV on Fig. S7j explains the significant O 1s peaks in the XPS survey spectra of the composite at precedent fabrication's steps; the observed signal corresponds to the binding energy of oxygen in nitro groups. 26 This indicates that residual electrografted nitrophenyl groups remain on the surface prior to polymerization. A broad feature above at 534 eV was attributed to the C=O bond after initiator attachment (Fig. S7j , blue "a" curve). 16 After S-12 polymerization three signals corresponding to the oxygen of the PDMAEMA polymer were observed Fig. S7n , q and t, curve "b", "c" and "d"). The O-C=O and O-C signals were found at 533.5 eV and 531 eV, respectively. 27 The C=O binding energy is of 532.5 eV. 16 Water traces are the cause of the small feature at high binding energy on Fig. S7n and q. 28 S-13 a j, j m , j s correspond respectively to the current density, the mass activity and the specific activity. Current density is normalized over the geometric surface area while the specific activity is normalized over the ESCA. The subscripts related to these activities indicate the overpotential value at which the current is calculated. For the three variables, the overpotential evaluated are 200 and 250 mV of overpotential. Fig. 1 Insulation of the electrode is made after successful SI-ATRP ( Fig. 1, step 5 ). The remaining steps in the catalytic process were done on isolated electrodes. The process ensures that only the exposed surface is affected by the subsequent chemical modifications operated on the electrode assembly. The exposed surface area was determined by means of optical photography and a b Glue Exposed HOPG Ag coated Cu wire Ag paste S-25 subsequent image analysis. Any shape could be selected and the software provided a number of pixels of the selected area, which could be related to a real value in cm 2 . Table S3 . 
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